Objective: Evaluation of some immune markers in Italian elderly population in relation to zinc status, gender and antioxidant defence. Design: Observational study. Setting: Italian population. Subjects: Apparently healthy, free-living subjects, 56 men and 52 women, aged 70-85 y, enrolled in Italy. Methods: Lymphocytes were unstimulated or stimulated with the mitogen phytohemoagglutinin (PHA). The proliferative capacity was measured as incorporation of [ 3 H]-thymidine and reported as stimulation index (SI). Cytokine secretion by lymphocytes was determined by ELISA. The antioxidant enzyme activities were measured using commercial kits. Results: Dietary zinc intake, as well as zinc in serum, red blood cells and urine were on the normal range of values and did not show any difference between men and women. The proliferative response showed a high variability without significant differences between men and women. The amount of secreted pro-and anti-inflammatory cytokines was similar in men and women. No differences were found in the activity of antioxidant enzymes in lymphocytes, namely superoxide dismutase, glutathione peroxidase and catalase, between men and women. An association between SI and serum zinc level in men was found. SI resulted negatively correlated with interleukin (IL)-1b (R 2 ¼ 0.036 and P ¼ 0.012) and IL-10 (R 2 ¼ 0.34 and P ¼ 0.040) only in men. IL-10 of PHA-stimulated lymphocytes was negatively correlated with red blood zinc in men (R 2 ¼ 0.41 and P ¼ 0.008), while IL-10 of unstimulated and PHA-stimulated lymphocytes were negatively correlated with serum zinc in women (R 2 ¼ 0.38 and P ¼ 0.020; R 2 ¼ 0.31 and P ¼ 0.040, respectively). No correlation was observed between immune markers and antioxidant enzyme activities. Conclusions: Only weak differences on immune response between men and women were observed. However, zinc status appears to have more influence on the ability of lymphocytes to proliferate in men than in women.
Introduction
Zinc is required as a catalytic, structural and regulatory ion for several enzymes and other proteins, playing a key role in many homeostatic mechanisms of the body, including the immune response (Valle & Falchuk, 1993) . It is well known that zinc deficiency may affect the immune system, by causing atrophy of lymphoid tissue, decreasing antibody production, reducing T-cell proliferation and cytokine production in response to mitogens and specific antigens, and inducing an imbalance between Th1 and Th2 functions (Prasad, 1998 (Prasad, , 2000 Chandra, 1999) . The consequences of a severe deficiency of zinc may be dramatic, leading to infections and even death (Sarkar & Fisher, 2005) . However, a mild zinc deficiency may also have profound effects on immunity (Bogden, 2004) .
A decline in immune function has also been associated with ageing, and one of the causes might be an inadequate zinc nutriture and status (McClain et al, 2002; Ahluwalia, 2004) . Indeed, a moderate zinc deficiency is often associated with ageing, which might arise due to a reduced zinc intake or bioavailability, psychological problems, reduced physical activity, acute or chronic illnesses and drug assumption (Prasad et al, 1993) . Moreover, this condition is particularly present in surgical patients and in patients undergoing total parenteral nutrition, if they are not supplemented with zinc (Ripa & Ripa, 1995) .
A decline in immune function in elderly can also be the consequence of an accumulation of activated oxygen free radicals and decreased activity of antioxidant enzymes, such as superoxide dismutase (SOD), glutathione peroxidase (GPX) and catalase (CAT) (Sullivan et al, 1980) . Zinc plays an important role in the antioxidant defense system and zinc deficiency has been associated with increased reactive oxygen-induced damage in various tissues (Kraus et al, 1997) .
The ability to undergo clonal expansion of lymphocytes is crucial for effective immune function. A decrease in T-cell response and major changes in T-cell function, including decreased T-cell proliferation and secretion of interleukin (IL)-2 has been found to be associated with ageing (Hirokawa et al, 1988; Chakravarti & Abraham, 1999) . According to some authors, these defects may be the consequence of the age-associated process termed thymic involution, leading to a decline in the output of newly developed T cells and thus to a diminished number of circulating naive T cells and impaired cell-mediated immunity. Other immune functions have been reported to be upregulated in elderly subjects, such as an increase of IL-1, IL-3, IL-4, IL-6 and tumour necrosis factor (TNF)-a expression (Paganelli et al, 1994; Rink et al, 1998) . However, a decrease in several of these cytokines has also been shown to occur with ageing (Malaguarnera et al, 2001) . These discrepancies may be due to sample size of the studies, nutritional status of the subjects and gender effects. Indeed, several investigators have shown genderrelated differences in the humoral and cellular responses, probably caused by the action of the different sex hormones (Olsen & Kovacs, 1996; Fabris et al, 1997; Gaillard & Spinedi, 1998; Windmill & Lee, 1998; Offner et al, 1999; Losonczy et al, 2000) .
Up to now, little is known about the relationship between zinc status and sex on the immune response in elderly. Therefore, this study evaluated the possible changes in immune response in a large population of elderly subjects enrolled in Italy (70-85 y) in relation to gender and zinc status. The immune response was evaluated by the ability of lymphocyte to proliferate in response to a mitogen and to maintain the correct cytokine pattern.
Material and methods

Subjects
In all, 108 apparently healthy subjects, 56 men and 52 women, aged 70-85 y, were enrolled in Italy. Elderly were selected according to the exclusion criteria decided for the ZENITH project as described elsewhere in this supplement .
Zinc intake and serum, erythrocyte and urinary zinc levels The methodology for assessment of zinc intake and status has been described elsewhere in this supplement (AndriolloSanchez et al, 2005) .
Lymphocyte isolation
Blood samples were obtained from each subject and processed within few hours of collection: 25 ml were collected in heparinized tubes for peripheral mononuclear cell isolation and 5 ml were collected in zinc-free tubes for serum preparation.
Lymphocytes were isolated by centrifugation on FicolPaque Plus gradient (Amersham, Milano, Italy) after three washing with cold PBS. Mononuclear cell ring was collected and washed three times with PBS. Lymphocytes were resuspended in complete RPMI-1640 medium supplemented with penicillin (1 Â 10 5 U/l), streptomycin (100 mg/l), 4 mM glutamine, 1% nonessential amino acids and 50 mM 2-mercaptoethanol (Sigma, Milano, Italy). For all experiments, cells were maintained at 371C in an atmosphere of 95% of air, 5% CO 2 and 90% humidity.
Proliferation assay
For each subject, lymphocytes (1.5 Â 10 6 cells/ml) were cultured in triplicate in a 96-well flat-bottomed microplate with RPMI medium containing 10% of either serum prepared from the corresponding subject or heat-inactivated fetal calf serum (FCS, Euroclone, Roma, Italy). Cells were stimulated in vitro with the polyclonal mitogen phytohemoagglutinin (PHA; 5 mg/ml) for 72 h, and pulse-labelled with 5 mCi/ml of [ PHA (5 mg/ml) for 72 h. Supernatants were collected from cultures by centrifugation at 2000 g and stored at À801C until required for use. The amount of IL-1b, IL-8, IL-10 and TNF-a was assayed by DuoSet Elisa kit provided by R&D System (Milano, Italy). Briefly, 0.1 ml of supernatant was incubated for 2 h at room temperature in 96-well microplate precoated with 4 mg/ml of capture antibody. After three washes with washing buffer (washes were repeated at each step of the protocol), detection antibody (20 ng/ml) was added for 2 h followed by streptavidin-horse radish peroxidase-conjugated (0.1 ml) incubation for 20 min. After addition of 0.1 ml of substrate solution for 20 min, plates were immediately read at 450 nm in microplate reader (Biorad, Milano, Italy).
Antioxidant enzyme activity
Lymphocytes were lysed by sonication in cold buffer containing 50 mM Tris-HCl, pH 7.5; 5 mM EDTA; and 1 mM 2-mercaptoethanol. After centrifugation at 10 000 g for 10 min at 41C, the supernatant fluid containing the enzyme was collected. Total protein content was determined by Bradford method (Bradford, 1976) . The antioxidant enzyme activities (SOD, GPx, CAT) were measured using available commercial kits (Oxis Research, Milano, Italy) according to the manufacturer's protocols.
Statistical analysis
The significance of the differences between sexes was evaluated by one-way ANOVA. Linear regression analysis has been used to evaluate the association between immune markers and zinc intake, and serum, erythrocyte and urinary zinc levels. Differences with P-values o0.05 were considered significant.
Results
Subject characteristics
The characteristics of men and women are described elsewhere in this supplement .
Zinc status
Dietary zinc intake and serum, erythrocyte and urinary zinc levels are presented in Table 1 . The zinc intake was within the normal usual range. None of the zinc status parameters differed between the two groups when genders combined, and they were not associated with age.
Immune response
The proliferative response of lymphocytes cultured with medium containing autologous serum is shown in Figure 1 and is reported as stimulation index (SI) (c.p.m. of stimulated cells/c.p.m. of unstimulated cells). The results showed that other than a very high variability among all the subjects, there was no significant difference between men and women individuals. The results of proliferative response of lymphocytes cultured with FCS did not differ from those obtained with autologous serum (data not shown).
The results of cytokine secretion (Table 2) showed that there were no significant differences of pro-and antiinflammatory cytokines between men and women. Higher variability of cytokine production was found in unstimulated than PHA-stimulated in cells.
The linear regression analysis indicated a positive trend of association of SI with serum zinc levels in males (Table 3) . Moreover, SI was negatively correlated with IL-1b and IL-10, and a trend of negative correlation between SI and TNF-a was also found (Table 3) .
There was a negative correlation between IL-10 secreted by PHA-stimulated lymphocytes and erythrocyte zinc levels in men (Table 4) . IL-10 of unstimulated and PHA-stimulated lymphocytes appeared also negatively correlated with serum zinc levels in women (Table 4) . Lymphocytes proliferative response to PHA. For each subject, lymphocytes (1.5 Â 10 6 cells/ml) were cultured in RPMI medium containing 10% of serum prepared from the corresponding subject. Cells were stimulated with the polyclonal mitogen phytohemoagglutinin (PHA; 5 mg/ml) for 72 h. [
3 H]-thymidine (5 mCi/ml) was added for the last 18 h of culture. Data are the mean7s.d. No significant differences were found between men and women.
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Antioxidant enzymes
The activities of antioxidant enzymes SOD, GPx and CAT did not show any difference between men and women (Table 5) . Moreover, a high variability was observed among the subjects.
No correlation was found between antioxidant enzyme activities and SI or cytokines (data not shown). There was a significant negative correlation between CAT and erythrocyte zinc levels in men and between CAT and zinc intake in women (Table 6 ).
Discussion
The results highlight that the Italian elderly population (70-85 y) considered in this study, either men or women, did not show deficiency of zinc. Indeed, the zinc intake and the amount of zinc in serum and red blood cells were on the normal range. It is likely that this is the reason, at least in part, for the high proliferative capacity exerted by this population (an average SI of 68 for men and 84 for women). The incorporation of [ 3 H]-thymidine in unstimulated lymphocytes was low (below 1000 c.p.m.), indicating that these subjects were not suffering from some infection that otherwise should have induced the lymphocytes to proliferate. On the other hand, the incorporation of [ H]-thymidine incorporation of the two groups of subjects were similar (data not shown).
A recent study conducted on 20 subjects aged 60-87 y reported an impairment of lymphocyte proliferative response. However, the gender and the zinc status of the subjects were not considered in that study (Douziech et al, 2002) . A study of a very old Italian population highlighted that individual micronutrients may affect the number and function of natural killer cells in old age and found a strong association between the number of lymphocytes expressing (Ravaglia et al, 2000) . In this study, we investigated the influence of zinc status, sex and antioxidant defence on immune response. The results obtained did not show a different proliferative capacity between men and women. Despite the lack of sex influence on the average values of SI, a trend of positive correlation between SI and serum zinc in men, but not in women, was found, indicating that the proliferative capacity of lymphocytes of men was more efficient when the amount of zinc was higher. The pattern of cytokine expression was similar between men and women. In contrast to that observed in women, in which there was a lack of correlation, a negative correlation between SI and proinflammatory cytokines was observed in men, possibly suggesting that this group of elderly men appeared healthier than women, at least considering the immune markers studied.
Surprisingly, the anti-inflammatory IL-10 was negatively correlated with SI in men. Recent studies have shown the existence of a subset of T-cell population, namely the T-regulatory cells, which are characterized by high secretion of IL-10 and low proliferation, that appear to have a key role in maintaining anti-inflammatory condition (Groux et al, 1997; Levings & Roncarolo, 2005) . IL-10 was also negatively correlated with serum and erythrocyte zinc levels in men and women. We can hypothesize that in the elderly subjects of this study, an induction of IL-10-secreting T-regulatory cells could take place as a sort of defence mechanism when the concentration of zinc falls below the normal range. Finally, in relation to the antioxidant defence system, no correlation was found in the present study between SOD, GPx or CAT activities and immune markers. This may be due to the apparent good health status of the subjects and consequent lack of induction of antioxidant defence systems.
In conclusion, we have found only minor differences in immune response between elderly men and women. However, zinc status appears to have more influence on the ability of lymphocytes to proliferate in men than in women.
